terol depends upon the age of the animal, with a consiclerabl_\-greater synthesis in the younger rat.
There is considerable disagreement among investigators regarding metabolism and urinar!. escretion of flavonoid compounds. Fukud a ( 1 ) claimed that orally administered rutin appeared mchanged in the urine of rabbits within 20 hours after administration. Garino ( 2 ) made siniilar claims for the dog. but Field and Rekers(3) could not confirm his findings. Porter ct d . ( 4 ) found only traces of rutin in the wine oi humans given oral doses of 60 to 2250 iiig dail!.. Clark and JIacKay( 5 ) confirniecl t i m e findings in humans and also in the rat. Furthermore. they showed that rutin had little effect on urinary total phenol and plucuronide escretion in the rat. It was also pointed out that intestinal destruction of orall!-adniinistered flavonoids made it improbable that very much of Ithe administered dose could be absorbed and excreted in the urine. Kirtle? and Peck( 6 ) reported that hesperidin methyl chalcone was not excreted in the urine in the free form after large oral dose.; in iiian. From the above evidence it appears thai the oral route of administration results in almost complete destruction of the flavonoid compounds before absorption can * This article is based on work performed under contract bet\veen the Atomic Energy Commission and the University oi California at Los Angeles. take place. However, it is possible that if the compounds were administered by another route, information could be derived concerning the manner in which the body mletabolizes and excretes such compounds.
Experimental. Male C F W strain rats weighing an average of 294 g were caged separately in Sorwich type metaboliasm cages. Six animals were used for each comlpound. Twenty-four hour urine samples were collmted daily for 2 days prior 'to and 5 days after the subcutaneous injeotion of 100 mg,.'rat of the following compounds: rutin, hesperidin, hesperidin methyl chalcone. naringin land phloroacetophenone. Chemical analyses were mlade for the following: free rutin by the aluminum complex method of Porter, et al. ( 4 ) , free hesperidin and naringin &by the cyanidin test (5) ; free hesperidin methyl chalcone by borocitrate reaction( 7) ; free phmenol by O'Leary's method(8) ; ethereal sulfate by the method of Treon and Crutchfield ( 9 ) : and glucuronide by Dische's method( 10).
Results. The results obtained in the anlyses are given in Table I . in which (the excretion as degradation products and conjugates is based upon differences between pre-and postinjection values. These are average excretion figures and represent only the first 24 hours because no further excretion could be detected on the following 4 days. Average pre-injection control values in mg/ml of urine were: free phenol, 0.9; ethereal sulfate, 0.66 and glucuronide, 0.55. On the second post-injection day the excretion values for sulfate and glucuronide were 0.6 mg/ml and 0.3 mg/ml of urine respectively, indicating that the animals may have reached ,their maximum mpacity for conjugation and excretion in the first 24 hours. Determinations made on the last 3 post-injection days were essentially the same as the pre-injection control values. Rutin was the only compound detected in the urine by ,the method of Porter, et aL(4). The more sensitive cyanidin reaction gave negative results with heqxridin and naringin indicating that these compounds were not excreted unchanged in the urine. Similar results were obtained with the boro-citrate reaction and hesperidin methyl chalcone. However. it is possible that if more sensitive and more highly specific reactions were available, it might be possible to detect the unchanged compounds in Ithe urine. On the other hand, the urine from animals given rutin was highly colored, whereas that obtained from the animals receiving the other compounds was a normal straw color. Xone of the injeoted compounds could be deteoted when the site of injection and the surrounding tissue was excised and extracted 24 hours after administration, showing that the -compounds were completely absorbed after subcutaneous injeotion. The free phenol values for all compounds probably represent degradation products of the flavonoids because all unchanged compounds are precipitated with and tightly bound to the gell&inous precipitate formed in the first step of the reaction. This step, which is used to clarify (tihe urine, eesullts in a clear filtrate which contains the free and combined phenols. Such co-precipitation was observed with urine containing rutin and it was not possible #to elute the rutin from t h e complex precipitate. On the other hand, the free phenol values for phloroacetophenonie were found to correspond t o the unchanged compound and thus it appears that this compound is partially degraded by the rat into compound(s) which could not be detected with the phenol methods wed. Discussion. The results herein presented indicate .that after paren teral administration. flavonoid compounds can be excreted in the urine in conjugated form land that they and or their breakdown products are conjugated with sulfate and glucuronide in the sattie manner as other phenolic compounds ( 11) . I t appears that the absence of a glycoside linkage as in phloroacetophenone results in a greater excretion a s a free phenol and a g r a t e r conjugation as sulfate and glucuronide. The increase in glucuronide excretion would confirm the observation Qf Scarborough( 1 2 ) that oral vitamin P ( flaavonoids) increases glucur-CHRONIC TOXICITY OF AMMONIA FUMES onic acid excretion. The detection of free rutin in #the urine of rats makes it appear that Fukuda's( 1 ) observations on rabbits and Garino's ( 2 ) observations on dogs are correct although the routes of administration were different. Our inability to detect hesperidin methyl chalcone in tthe urine indicates that Kirtley and Peck( 6) were correct in assuming that the compound was not excreted in the urine in a free state. Furthermore, the small amount of the compound detected in conjugated form indicates that the compound is either stored or completely destroyd. Our results are contrary to those of Clark and MacKay(5) but the methods of administration of rutin differed. They showed that most of the rutin remained unabsorbed in the intestine after oral administration, whereas we were able .to show complete absorption after su,bcut.aneous administration. Such absorption leads to either excretion or biological destruction, and our results indicate that the latter process is the most important in the handling of hesperidin! hesperidin methyl chalcone and naringin and equivalent to excretion in the handling of rutin.
Summary.
A study has been made of the metabolism ,and urinary excretion of rutin, hesperidin. hesperidin methyl chalcone, naringin and phloroacetophenone. Whereas the latter compound is to a large extent excreted either free or combined, the flavonoids, with the exception of rutin, are probably destroyed in the body or converted into other compounds which were nut detected by the methods used. Rutin is partially destroyed in the body and partially handled by the usud phenol excretion pathways of sulfate and glucuronide.
